Introduction
We present the first step towards combining the best parts of the real-time verification methods based on timed automata (the use of regions and zones), and of the process-algebraic approach of languages like LOTOS and µCRL. µCRL targets the specification of system behavior in a process-algebraic (ACP) style and deals with data elements in the form of abstract data types.
A timed automata specification is a parallel composition of timed automata. We use the existing results to translate it to a parallel composition of timed µCRL processes. This translation uses a very simple sort Time to represent the real-time clock values. As a result we obtain a semantically equivalent specification in timed µCRL.
As the next step in our scheme, we aim at replacing all parameters of sort Time occurring in the resulting process equation by parameters of discrete sorts. To achieve this goal we apply process-algebraic transformations and abstraction techniques to the given process equation. As a result we obtain a process equation that is closely related to the given one in the following sense. If we abstract from the fractional parts of the time stamps in the actions, both of the equations will be timed bisimilar.
Discretization Steps

Representing Timed Automata in Timed µCRL
Timed automata [1, 2] can be represented in timed µCRL by associating a recursion variable with each location of the automaton as follows (see [6] for the initial idea). Consider a timed automaton A =<L, l 0 , Σ,C, i, E >, where L is a finite set of locations, l 0 ∈ L is the initial location, Σ is a finite set of edge labels, C is a finite set of clocks, i is a mapping that assigns to each location an invariant, and E is a set of edges. An edge is a quintuple (l, a e , φ e , λ e , l e ) with l and l e ∈ L the start and end location of the edge, a e ∈ Σ the label of the edge, φ e the guard associated with the edge and λ e ⊆ C the set of clocks that are to be reset by the transition. All φ (e) and i(l) are formulas with the following syntax: c ≡ n | c 1 − c 2 ≡ n | φ 1 ∧ φ 2 , where ≡∈ {<, ≤, =, ≥, >} and n ∈ Nat.
The following timed µCRL process equation for X l is a translation of a location l ∈ L of a timed automaton A: This substitution is applied to both the location invariant formula i(l) and the guard formula φ e . The conditions sat inv l (v) and sat inv l (v ) express that the invariant of location l has to hold in the start state of the transition and in the state just before the edge is taken. Condition sat cond e (v ) expresses that the guard of the transition has to be satisfied at the moment the edge is taken, and condition sat inv l e (v ) means that the invariant of the end location of the edge has to be satisfied (after the clock resets are applied).
Splitting the Parameters into Integral and Fractional Parts
First we split the parameters t a and v and the bound variable t r in two parts: integral and fractional. We make it a bit different from what an obvious split would be as: t r is the offset since t a i , not since t a . The parameter v is split into v i and l r f that represent an (approximate) integral value and the fractional part of the reset time of the clocks, respectively. To be more precise, this step can be characterized as the following coordinate transformation:
, and l r f = fr(t a − v), where fl and fr are the floor and the fraction functions.
In the other direction: t a = t a i + t a f and v = v i + t a f − l r f . The correspondence between the two t r is the following: t r = t r i + t r f − t a f , and t r i and t r f are the integral and the fractional parts of t r + fr(t a ), respectively. The resulting process will look as: ∈ λ e , 0, v (c) ) is calculated in the same way as in the previous section.
Given the specific form of the clock constraints and the specific forms of v, v and v , the functions in the conditions can be expressed as the conjunctions of the following formulas (some cases for the function sat inv l (v)):
• for the case of c < n constraint, substituting the value of v(c) we We claim that X l (t a , v) and
) have the same solutions in every model of timed µCRL.
Splitting the Conditions into Integral and Fractional Parts
It is visible from the conditions that the actual values of the real-valued parameters (t a f and l r f ) and the bound variable t r f are not important, but the relations between pairs of them may be. Therefore we introduce an abstraction of these parameters and try to use this abstraction instead of the real-valued parameters in the conditions. This corresponds to the use of regions in timed automata ( [1] ).
Let the set of clocks C be {1, . . . , n}, and C 0 be C ∪ {0}. Each region will be characterized by an ordering p 0 < 1 p 1 < 2 · · · < n p n , where < k is either < or =, and p k is either l r f (p k ), or it is t a f in case p k = 0, and all p k are unique. We assume to have such a data type called Ord and the functions is cond : Ord ×C 0 ×C 0 → Bool for every possible condition <, ≤, =, ≥, >.
It is also important to know the relation between t r f and the values of l r f . We assume a data type Pos to indicate the position of t r f in the ordering ord. We use the function fits : Nat × Pos × Ord → Bool to check that the position fits within the given ordering, and if the first parameter is 0, then it checks whether t r f ≥ t a f . We can assume that l r f and t a f conform to ord in the initial state of X l and prove that it will be an invariant. The condition conform : Ord × Pos × Time × ClVals × Time → Bool says that conform(ord, pos,t a f , l r f ,t r f ) implies that t r
